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1
METHOD OF REPORTING CHANNEL
QUALITY INFORMATION IN A WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of co-pending U.S.
patent application Ser. No. 13/054,895 filed on Jan. 19, 2011,
which is the national phase of PCT International Application
No. PCT/KR2009/004240 filed on Jul. 30, 2009, which
claims the benefit of U.S. Provisional Application Nos.
61/087,181 filed on Aug. 8, 2008, and 61/153,972 filed on
Feb. 20, 2009, and which claims priority to Korean patent
application No. 10-2009-0043118 filed on May 18, 2009, the
entire contents of all of the above applications are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication
system, and more particularly to a method for reporting chan-
nel quality information in a wireless communication system.

2. Discussion of the Related Art

In order to effectively implement communication between
a transmission end and a reception end, the transmission end
must feed back channel information to the reception end. In
general, downlink channel information is transmitted from a
user equipment (UE) to a base station via an uplink, and
uplink channel information is transmitted from a base station
to a UE via a downlink. The above-mentioned channel infor-
mation is referred to as a channel quality indicator (CQI). The
CQI can be generated in various ways.

FIG. 1 is a conceptual diagram illustrating generation and
transmission of a channel quality indicator (CQI).

Referring to FIG. 1, a UE measures a downlink channel
quality, and reports a channel quality indicator (CQI) value
based on the measured downlink channel quality to a base
station via a control channel. The base station performs down-
link scheduling (UE selection, resource allocation or the like)
according to the reported CQI.

In other words, when a base station allocates radio
resources to a UE in a wireless communication system, the
base station uses a CQI received from the UE.

The UE receives a pilot channel or the like from the base
station, measures channel quality information such as a Sig-
nal to Interference Ratio (SIR) or the like about the received
signal, and reports the measured channel quality information
to the base station. The base station allocates radio resources
to each base station using the channel quality information
received from each UE.

The UE may periodically or aperiodically report channel
quality information to the base station.

In addition, the UE may report channel quality information
to the base station via a Physical Uplink Control CHannel
(PUCCH) or a Physical Uplink Shared CHannel (PUSCH).
The PUCCH and the PUSCH use different coding methods,
wherein the PUCCH has high decoding performance superior
to that of the PUSCH.

If there is a need for a UE to transmit a larger amount of
control information than that capable of being transmitted via
a physical uplink control channel (PUCCH), or if a UE
desires to improve transmission performance of control infor-
mation, the UE transmits channel quality information to the
base station via a physical uplink shared channel (PUSCU).
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In accordance with the related art, a UE can transmit chan-
nel quality information to a base station via a physical uplink
shared channel (PUSCH) only when receiving a permission
message from the base station.

A Long Term Evolution (LTE) system can support a system
bandwidth from 1.25 MHz to a maximum of 20 MHz. There-
fore, a method for transmitting channel quality information
according to the related art has described a method for trans-
mitting channel quality information of a 20 MHz—band-
width.

However, a LTE-A system collects five 20 MHz band-
widths through carrier aggregation, and thus supports a 100
MHz bandwidth. Therefore, there is needed a method for
transmitting channel quality information about the 100 MHz
bandwidth.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method
for reporting channel quality information and a method for
assigning radio resources according to the channel quality
information in a wireless communication system that sub-
stantially obviate one or more problems due to limitations and
disadvantages of the related art.

As previously stated above, the related art has described a
method for transmitting channel quality information about a
20 MHz bandwidth. However, anew system supports a multi-
carrier bandwidth of 100 MHz, such that a method for trans-
mitting channel quality information of a multi-carrier band-
width is needed.

An object of the present invention is to provide a method
for transmitting channel quality information of a multi-carrier
bandwidth.

Another object of the present invention is to provide a
method for transmitting channel quality information, which
can be applied to a specific case in which the number of
downlink component carriers is different from the number of
uplink component carriers.

Technical subject matters to be realized by embodiments of
the present invention are not limited to the above-mentioned
technical subject matters, and other technical subject matters
not mentioned in the above-mentioned description may be
easily appreciated by those skilled in the art to which the
present invention pertains without difficulty.

The object of the present invention can be achieved by
providing a method for reporting channel quality information
in a wireless communication system, the method including
measuring channel quality information of a downlink multi-
carrier including a plurality of downlink component carriers,
and transmitting the measured channel quality information to
a base station.

In this case, the channel quality information of the down-
link multi-carrier may be indicative of channel quality infor-
mation of a whole frequency band of the downlink multi-
carrier.

Each of the downlink component carriers may include a
plurality of lower bands, and the measuring of the channel
quality information of the downlink multi-carrier may
includes measuring channel quality information of at least
one lower band having good channel quality information
among all frequency bands of the downlink multi-carrier.

The channel quality information of the downlink multi-
carrier may be channel quality information of a whole fre-
quency band of'a component carrier arbitrarily selected by the
UE.

Each of the downlink component carriers may include a
plurality of lower bands, and the channel quality information
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of'the downlink multi-carrier may be equal to channel quality
information of at least one lower band having good channel
quality information among a whole frequency band of the
component carrier arbitrarily selected by the UE.

In addition, the channel quality information of the down-
link multi-carrier may be equal to channel quality informa-
tion of the whole frequency band of a component carrier
predetermined based on a transmission time interval (TTI)
between the UE and the base station.

Each of the downlink component carriers may include a
plurality of lower bands, and the channel quality information
of'the downlink multi-carrier may be equal to channel quality
information of at least one lower band having good channel
quality information among all frequency bands of a compo-
nent carrier predetermined based on a transmission time inter-
val (TTI) between the UE and the base station.

According to embodiments of the present invention, the
present invention is able to transmit channel quality informa-
tion of a multi-carrier bandwidth, and can also be applied to a
specific ease in which the number of downlink component
carriers is different from the number of uplink component
carriers,

Effects to be realized by embodiments of the present inven-
tion are not limited to the above-mentioned effects, and other
effects not mentioned in the above-mentioned description
may be easily appreciated by those skilled in the art to which
the present invention pertains without difficulty.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a conceptual diagram illustrating generation and
transmission of a channel quality indicator.

FIG. 2(a) is a conceptual diagram illustrating a method for
measuring channel quality information about the whole part
of'a multi-carrier in case of using a method for transmitting
channel quality information according to the present inven-
tion. FIG. 2(b) is a conceptual diagram illustrating a method
for measuring channel quality information of at least one
lower band having good channel quality information among
multiple carriers (i.e., a multi-carrier) in case of using a
method for transmitting channel quality information accord-
ing to the present invention.

FIG. 3(a) is a conceptual diagram illustrating a method for
measuring channel quality information of a total of selected
component carriers in case of using a method for transmitting
channel quality information according to the present inven-
tion. FIG. 3(b) is a conceptual diagram illustrating a method
for measuring channel quality information of at least one
lower band having good channel quality information among
selected component carriers in case of using a method for
transmitting channel quality information according to the
present invention.

FIG. 4(a) is a conceptual diagram illustrating a method for
measuring channel quality information of a total of cycli-
cally-decided component carriers in case of using a method
for transmitting channel quality information according to the
present invention. FIG. 4(5) is a conceptual diagram illustrat-
ing a method for measuring channel quality information of at
least one lower band having good channel quality information
among cyclically-decided component carriers in case of
using a method for transmitting channel quality information
according to the present invention.
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FIG. 5 is a conceptual diagram illustrating a method for
transmitting channel quality information according to one
embodiment of the present invention.

FIG. 6 is a conceptual diagram illustrating a method for
transmitting channel quality information according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to the
accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show the
only embodiments that can be implemented according to the
present invention. The following detailed description
includes specific details in order to provide a thorough under-
standing of the present invention. However, it will be apparent
to those skilled in the art that the present invention may be
practiced without such specific details. For example, the fol-
lowing description will be given centering on specific terms,
but the present invention is not limited thereto and any other
terms may be used to represent the same meanings. For con-
venience of description and better understanding of the
present invention, some parts unrelated to the inventive con-
cept of the present invention will be omitted herein. Wherever
possible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

In the whole part of the specification of the present inven-
tion, if it is assumed that a certain part includes a certain
component, the term ‘including’ means that a corresponding
component may further include other components unless a
specific meaning opposed to the corresponding component is
written. In addition, another term ‘. . . part’, “. . . unit’,
‘module’ or the like means a unit for processing at least one
function or operation, and this unit may be implemented by
hardware, software, or a combination thereof.

A method for measuring channel quality information
according to embodiments of the present invention will here-
inafter be described with reference to FIGS. 2 to 4.

FIG. 2(a) is a conceptual diagram illustrating a method for
measuring channel quality information about the whole part
of'a multi-carrier in case of using a method for transmitting
channel quality information according to the present inven-
tion. FIG. 2(b) is a conceptual diagram illustrating a method
for measuring channel quality information of at least one
lower band having good channel quality information among
multiple carriers (i.e., a multi-carrier) in case of using a
method for transmitting channel quality information accord-
ing to the present invention.

In FIGS. 2(a) and 2(b), the term ‘multi-carrier’ means the
whole frequency band used by a base station, and the multi-
carrier has the same meaning as the whole band. For example,
in case of using an LTE-A system, a multi-carrier may be
considered to be 100 MHz.

The term ‘component carrier’ may indicate each element
carrier included in the multi-carrier. In other words, a plural-
ity of component carriers is included in a multi-carrier
through carrier aggregation. In addition, the component car-
rier includes a plurality of lower bands. In this case, if the term
‘multi-carrier’ is replaced with another term ‘whole band’,
the term ‘component carrier’ may be replaced with another
term ‘sub band’, and the term ‘lower band’ may be replaced
with another term ‘partial band’. In addition, ‘carrier aggre-
gation’ may also be referred to as ‘bandwidth aggregation’.
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Carrier aggregation means that a bandwidth is extended by
collecting a plurality of carriers so as to increase a data trans-
fer rate (also called a data rate). For example, in case of using
the LTE system, one carrier corresponds to 20 MHz. In case
of the LTE-A system, five 20 MHz carriers are collected so
that the whole bandwidth is extended to 100 MHz. Also, the
carrier aggregation means that carriers located in different
frequency bands are aggregated.

FIGS. 2(a) and 2(b) are conceptual diagrams illustrating
methods for allowing a UE to measure channel quality infor-
mation on the basis of the whole part of a multi-carrier.

Referring to FIG. 2(a), a UE measures a CQI about the
whole frequency band of a multi-carrier. In this case, the UE
may calculate the sum of channel quality information about
the whole frequency band and then measure the CQI accord-
ing to the calculated result. Otherwise, the UE may also
measure channel quality information of each of the compo-
nent carriers and then report the measured channel quality
information to a base station.

Referring to FIG. 2(b), a UE measures channel quality
information of at least one lower band having good channel
quality information among the whole frequency band of a
multi-carrier, and transmits the measured channel quality
information to the base station. In this case, the UE may
calculate the sum of channel quality information of at least
one lower band having good channel quality information
about the whole part of the multi-carrier and then measure the
channel quality information according to the calculated
result. Otherwise, the UE may also measure channel quality
information of at least one lower band having good channel
quality information about each of the component carriers and
then transmit the measured channel quality information to a
base station.

As shown in FIGS. 2(a) and 2(b), if a UE measures channel
quality information on the basis of the whole part of a multi-
carrier, there is an advantage in that the UE can transmit
channel quality information about the whole frequency band
of the multi-carrier to the base station during a single trans-
mission time interval (TTT) (1 TTI).

Ataspecific time at which the base station requests channel
quality information from the UE or at a predetermined period
between the UE and the base station, the UE measures chan-
nel quality information measured by the methods of FIGS.
2(a) and 2(b), and then transmits the measured channel qual-
ity information to the base station.

As can be seen from FIGS. 2(a) and 2(b), the base station
is able to transmit a control signal to the UE, where the control
signal commands the UE to measure and report channel qual-
ity information of the whole band. In this case, the above-
mentioned control signal for measuring and reporting the
channel quality information about the whole band may
include wideband channel quality information (Wideband
CQI), Best M CQI, and a Best M CQI index.

FIG. 3(a) is a conceptual diagram illustrating a method for
measuring channel quality information of a total of selected
component carriers in case of using a method for transmitting
channel quality information according to the present inven-
tion. FIG. 3(b) is a conceptual diagram illustrating a method
for measuring channel quality information of at least one
lower band having good channel quality information among
selected component carriers in case of using a method for
transmitting channel quality information according to the
present invention.

FIGS. 3(a) and 3(b) are conceptual diagrams illustrating
methods for selecting at least one component carrier and
measuring channel quality information on the basis of the
selected component carriers. Accordingly, when the UE
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transmits channel quality information to the base station, it
also transmits indication information (i.e., an indicator) of the
selected component carriers to the base station.

Referring to FIG. 3(a), the UE measures channel quality
information of the selected component carriers. In this case,
the UE may calculate the sum of channel quality information
about the selected component carriers and then measure the
channel quality information according to the calculated
result. Otherwise, the UE may also measure channel quality
information of each of the selected component carriers and
then report the measured channel quality information to the
base station.

Referring to FIG. 3(b), a UE measures channel quality
information of at least one lower band having good channel
quality information about each of the selected component
carriers, and transmits the measured channel quality informa-
tion to the base station. In this case, the UE may calculate the
sum of channel quality information of at least one lower band
having good channel quality information about each of the
selected component carriers and then measure the channel
quality information according to the calculated result. Other-
wise, the UE may also measure channel quality information
of at least one lower band having good channel quality infor-
mation about each of the selected component carriers and
then transmit the measured channel quality information to the
base station.

As shown in FIGS. 3(a) and 3(b), if a UE measures channel
quality information on the basis of the selected component
carriers, the LIE may transmit channel quality information of
the selected component carrier selected in a single TTI (1
TTI), and may also reduce an amount of overhead.

Ata specific time at which the base station requests channel
quality information from the UE or at a predetermined period
between the UE and the base station, the UE measures chan-
nel quality information measured by the methods of FIGS.
3(a) and 3(b), and then transmits the measured channel qual-
ity information to the base station.

As can be seen from FIGS. 3(a) and 3(b), the base station
is able to transmit a control signal to the UE, where the control
signal commands the UE to measure and report channel qual-
ity information of the selected component carrier. In this case,
the above-mentioned control signal for measuring and report-
ing the channel quality information about the selected com-
ponent carrier may include a component carrier index, wide-
band channel quality information (Wideband CQI), a Best M
CQI, and a Best M CQI index.

FIG. 4(a) is a conceptual diagram illustrating a method for
measuring channel quality information of a total of cycli-
cally-decided component carriers in case of using a method
for transmitting channel quality information according to the
present invention. FIG. 4(5) is a conceptual diagram illustrat-
ing a method for measuring channel quality information of at
least one lower band having good channel quality information
among cyclically-decided component carriers in case of
using a method for transmitting channel quality information
according to the present invention.

As can be seen from FIGS. 4(a) and 4(b), a UE and a base
station cyclically pre-decide a component carrier according
to each TTI, and measure channel quality information on the
basis of a component carrier decided in a corresponding TTI.
In other words, the UE transmits channel quality information
of the component carrier decided by each TTI to the base
station. Therefore, since the component carrier decided by
each TTI is pre-recognized by the UE and the base station,
there is no need for the UE to transmit a component carrier
indicator to the base station, resulting in reduction in over-
head.
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Referring to FIG. 4(a), a UE measures channel quality
information about the component carrier decided based on a
TTL

Referring to FIG. 4(b), a UE measures channel quality
information of at least one lower band having good channel
quality information among the component carrier decided
based on a TTI, and transmits the measured channel quality
information.

Ataspecific time at which the base station requests channel
quality information from the UE or at a predetermined period
between the UE and the base station, the UE measures chan-
nel quality information measured by the methods of FIGS.
4(a) and 4(b), and then transmits the measured channel qual-
ity information to the base station.

As can be seen from FIGS. 4(a) and 4(b), the base station
is able to transmit a control signal to the UE, where the control
signal commands the UE to measure and report channel qual-
ity information of a component carrier decided based on a
TTI. In this case, the above-mentioned control signal for
measuring and reporting the channel quality information
about the component carrier decided based on the TTI may
include a start component carrier index, a component carrier
cyclic period, a wideband Wideband CQI, a Best M CQI, and
a Best M CQI index.

Although FIGS. 4(a) and 4(b) have described exemplary
cases in which the UE and the base station cyclically decide
the component carrier according to TTI information, the UE
and the base station may cyclically pre-decide the component
carrier according to a transmission channel, and may transmit
channel quality information of a corresponding component
carrier via the corresponding transmission channel.

In other words, if the UE transmits channel quality infor-
mation via a plurality of transmission channels, specific infor-
mation indicating which component carrier will be used to
transmit channel quality information via each of several
transmission channels is predetermined between the UE and
the base station, and therefore the UE can transmit each
channel quality information of several component carriers via
a predetermined transmission channel.

A method for transmitting channel quality information
according to embodiments of the present invention will here-
inafter be described with reference to FIGS. 5 and 6.

FIG. 5 is a conceptual diagram illustrating a method for
transmitting channel quality information according to one
embodiment of the present invention.

Referring to FIG. 5, a UE measures and codes channel
quality information of each downlink component carrier, per-
forms concatenation of channel quality information of the
coded component carriers, and transmits the concatenated
result via an N-th uplink component carrier. In this case, the
UE may transmit channel quality information either via a
plurality of uplink component carriers or via a single uplink
component carrier.

InFIG. 5, the number of downlink component carriers may
be changed to another number as necessary. In other words,
when channel quality information of a specific component
carrier is not measured, the channel quality information of the
corresponding component carrier is excluded from the coding
and concatenation process. Thus, in case of using a system
based on a multi-carrier composed of a plurality of compo-
nent carriers, the number of downlink component carriers
may be symmetrical or asymmetrical to the number of uplink
component carriers. In accordance with embodiments of the
present invention, not only in the first case in which the
number of uplink component carriers is symmetrical to the
number of downlink component carriers, but also in the sec-
ond case in which the number of uplink component carriers is
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asymmetrical to the number of downlink component carriers,
the present invention is able to transmit channel quality infor-
mation via an uplink.

In addition, the CQI transmission method of FIG. 5 has an
advantage in that channel quality information of each com-
ponent carrier can be decoded.

FIG. 6 is a conceptual diagram illustrating a method for
transmitting channel quality information according to
another embodiment of the present invention.

Referring to FIG. 6, a UE measures channel quality infor-
mation of each downlink component carrier, performs con-
catenation of the channel quality information of each com-
ponent carrier, codes the concatenated channel quality
information, and transmits the coded channel quality infor-
mation via an uplink N-th component carrier. In this case, it
should be noted that the UT may transmit channel quality
information either via a plurality of uplink component carri-
ers or via a single uplink component carrier.

In FIG. 6. the number of downlink component carriers may
be changed to another number as necessary. In other words,
when channel quality information of a specific component
carrier is not measured, the channel quality information of the
corresponding component carrier is excluded from the coding
and concatenation process. Thus, in case of using a system
based on a multi-carrier composed of a plurality of compo-
nent carriers, the number of downlink component carriers
may be symmetrical or asymmetrical to the number of uplink
component carriers. In accordance with embodiments of the
present invention, not only in the first case in which the
number of uplink component carriers is symmetrical to the
number of downlink component carriers, but also in the sec-
ond case in which the number of uplink component carriers is
asymmetrical to the number of downlink component carriers,
the present invention is able to transmit channel quality infor-
mation via an uplink.

In addition, the CQI transmission method of FIG. 6 has an
advantage in that channel quality information of each com-
ponent carrier is concatenated and coded, resulting in
improved decoding performance.

Inthe methods of FIGS. 5 and 6, a UE has been designed to
transmit only the channel quality information, but the channel
quality information, ACK/NACK information, rank indica-
tion (RI) information and the like may be entirely or partially
joint-encoded or separate-encoded, such that the joint-en-
coded or separate-encoded result may be transmitted from the
UE to the base station.

The embodiments of the present invention may be achieved
by various means, for example, hardware, firmware, soft-
ware, or a combination thereof. In a hardware configuration,
the embodiments of the present invention may be imple-
mented by one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal pro-
cessing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, the embodiments
of the present invention may be achieved by a module, a
procedure, a function, etc. performing the above-described
functions or operations. Software code may be stored in a
memory unit and driven by a processor. The memory unit may
be located at the interior or exterior of the processor and may
transmit data to and receive data from the processor via vari-
ous known means.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Therefore, the above-mentioned detailed descrip-
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tion must be considered only for illustrative purposes instead
of restrictive purposes. The scope of the present invention
must be decided by a rational analysis of the claims, and all
modifications within equivalent ranges of the present inven-
tion are contained in the scope of the present invention.
It is apparent that the present invention may be embodied
by acombination of claims which do not have an explicit cited
relation in the appended claims or may include new claims by
amendment after application.
As apparent from the above description, the present inven-
tion is able to transmit channel quality information of a multi-
carrier bandwidth, and can also be applied to a specific case in
which the number of downlink component carriers is differ-
ent from the number of uplink component carriers.
It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope attic appended claims and their
equivalents.
What is claimed is:
1. A method for encoding control information by a user
equipment (UE) in a wireless communication system, the
method comprising:
obtaining, by the UE, a plurality of channel quality indica-
tors (CQIs) for a plurality of downlink component car-
riers, at least one rank indicator (R1) and at least one
acknowledgement/negative-acknowledgement (ACK/
NACK),

wherein a plurality of component carriers comprise the
plurality of downlink component carriers and one or
more uplink component carriers;

concatenating, by the UE, the plurality of CQIs for the

plurality of downlink component carriers;

encoding, by the UE, the concatenated plurality of CQIs,

the at least one RI and the at least one ACK/NACK,
separately; and
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transmitting, by the UE, the encoded concatenated plural-
ity of CQIs, the encoded at least one RI and the encoded
at least one ACK/NACK on only one uplink component
carrier among the one or more uplink component carri-
ers.

2. The method according to claim 1, wherein the plurality
CQIs are obtained according to a transmission time interval
(TTD.

3. The method according to claim 1, wherein the plurality
of downlink component carriers are comprised as a whole
frequency band.

4. A user equipment (UE) in a wireless communication
system, the UE comprising:

a processor configured to:

obtain a plurality of channel quality indicators (CQIs) for a

plurality of downlink component carriers, at least one
rank indicator (RI) and at least one acknowledgement/
negative-acknowledgement (ACK/NACK),

wherein a plurality of corn orient carriers co rise the plu-

rality of downlink component carriers and one or more
uplink component carriers;

concatenate the plurality of CQIs for the plurality of down-

link component carriers;

encode the concatenated plurality of CQlIs, the at least one

RI and the at least one ACK/NACK, separately; and
transmit the encoded concatenated plurality of CQIs, the
encoded at least one RI and the encoded at least one
ACK/NACK on only one uplink component carrier
among the one or more uplink component carriers.

5. The LE according to claim 4, wherein the plurality of
CQIs are obtained according to a transmission time interval
(TTD.

6. The UE according to claim 4, Wherein, the plurality of
downlink component carriers are comprised as a whole fre-
quency band.



